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1.  INTRODUCTION 


The  Ballistic  Research  Laboratory’s  (BRL)  Expciimental  Research  Facility  16  (ERF  16)  has 
recently  developed  and  begun  to  utilize  a  new  test  facility.  The  facility  features  four  1-MeV  (lash 
x-ray  pulscr  systems  and  improvements  in  both  film  holder  design  and  Elm  protection.  The  new  test 
facility  was  constructed  primarily  to  provide  enhanced  capabilities  for  the  study  of  shaped-charge  jets 
and  the  interaction  of  shaped-charge  jets  with  various  targets. 

2.  DESCRIPnON  OF  FILM  HOLDERS 

2.1  Blow-Awav  Film  Holder.  Figure  1  shows  the  new  test  facility.  As  shown,  two  film  holders 
are  used.  The  first  film  holder  is  termed  a  "blow-away.”  as  it  is  allowed  to  move  unconstrained  when 
hit  by  the  explosive  blast.  The  blow-away  holder  is  used  to  study  shaped-charge  liner  collapse  and  jet 
formation.  Several  different  holders  are  available,  depending  on  individual  test  requirements.  These 
film  holders  range  in  size  from  356  mm  x  432  mm  to  356  mm  x  1259  mm.  The  blow-away  film 
holders  are  constructed  of  150-tnm-steel  angle  iron  fiames.  The  films  are  protected  from  the  explosive 
blast  and  any  fragments  by  13  to  25  mm  of  aluminum  plate  aivl  either  13  mm  of  foam  rubber  or 
6  mm  of  wool  felt  The  film  screen  package  is  then  backed  with  13  mm  of  foam  nibbcr  or  6  mm  of 
wool  felt  and  13  mm  of  aluminum  to  prevent  flexing  and  breaking  of  the  intensifying  screens.  The 
combination  of  film  and  protection  is  mounted  in  the  angle  iron  frame  atvl  held  in  plade,  from  the 
back,  by  2  steel  bars  inserted  through  slots  which  ate  cut  in  the  sides  of  the  frame.  For  large 
warheads,  a  wedge-shaped  shield  is  placed  in  front  of  the  film  holder  to  deflect  the  blast. 

The  wedge-shaped  blast  shield,  used  to  protect  the  blow-away  film  cassette,  is  based  on  Boyce’s 
wedge  concept.*  Figure  2  depicts  a  typical  setup  utilizing  a  blow-away  cassette  and  a  wedge  shield. 
The  shield  utilizes  a  3(f  half-angle  to  deflect  the  blast  around  the  film  holder.  For  utKased  warheads, 
where  fragment  damage  to  the  film  is  not  a  concern,  the  wedge  typically  is  constructed  of  13-mm 
plywood.  For  heavily  confined  warheads,  the  wedge  shield  may  be  constructed  of  polycarbonate, 
polyethylene,  or  glass-reinforced  plastic,  depending  on  the  mass  and  uhe  velocity  of  the  fragments 
expected.  Currently,  Paxton  is  studying  the  use  of  a  molded  foam  wedge  as  a  blast  deflector 


•  Boyce,  G.L  "Wedge*  Uicd  for  Film  Castette  Protection."  BRL-MR-34S4,  U.S.  Anny  BilUstic  Research  Laboratory, 
Aberdeen  Proving  Grounds,  Aberdeen,  MD,  July  I98S. 


LONG  FILM 
HOLDER 


for  rtoivcased  warheads,  which  will  also  be  compatible  with  lower  intensity  x-ray  sources.  Figure  3  is 
a  sample  radiograph  of  the  collapse  of  a  76-mm  diameter,  copper,  hemispherical  shaped-charge  liner 
taken  40  psec  after  detonatioa  Figure  3  was  obtained  using  the  blow-away  film  holder  with  a 
wedge-shaped,  plywood  shield. 

2.2  Long  Film  Holder.  The  long  film  holder  is  4.3  meters  long  and  holds  2  rows  of  10,  356  mm 
X  432  mm  sheets  of  film.  This  permits  viewing  shaped-charge  jets  at  long  (L  jy  times  and,  in  many 
cases,  makes  possible  the  viewing  of  the  entire  jet  from  the  tip  to  the  slug  (uil).  This  increases  the 
accuracy  of  the  measurement  of  the  breakup  time  and  of  the  mass  distribution  of  the  jet. 

The  construction  of  the  long  film  holder  is  shown  in  Figure  4  together  with  its  innovative  support 
system.  A  pedestal  ball-and-socket  supports  one  end  of  the  holder  while  three  tumbuckles  support  the 
other  end.  The  top  tumbuckJe  serves  to  level  the  holder.  The  bonom  two  tumbuckles  serve  to  adjust 
the  holder  to  a  vertical  position  and  parallel  to  the  line  of  the  tubcheads. 


1 


The  flexibility  of  adjustment  afforded  by  this  an  mgement  facilitates  the  fine  adjustment  of  the 
position  and  the  alignment  of  the  holder  and  speeds  this  operation.  In  the  future,  the  two  lower 
tumbuckles  will  be  replaced  by  hydraulic  jacks  making  the  alignment  pioceduie  easier  still. 

The  films  are  protected  from  fragments  and  blast  by  a  6.4-mm  aluminum  sheet,  followed  by 
6.4  mm  of  wool  felt.  The  aluminum  cover  sheet  has  6.4-mm  holes  located  76  mm  from  the  top  and 
bottom  edges  of  the  frame.  The  holes  are  spaced  216  mm  apan  and  serve  as  fiducials  for  data 
reduction.  The  films  and  intensifying  screens  are  placed  in  envelopes  made  by  Detek  Corporation, 
Temple  Hills,  MD.  The  envelopes  measure  356  mm  x  2,159  mm  and  are  mounted  on  6.4-mm 
Masonite.  The  E)etek  envelopes  are.  light-proof  and  allow  the  films  to  be  removed  from  the  film 
holder  in  full  daylight.  The  envelopes  are  backed  by  6.4  mm  of  wool  felt  mounted  on  13  mm  of 
plywood. 

3.  X-RAY  TTJBE  LOCATIONS 

The  films  in  the  long  film  holder  are  exposed  by  tubes  2,  3,  and  4  (Figure  5).  However,  in  order 
to  reduce  the  time  and  effort  required  to  prepare  for  a  test,  only  the  focal  point  of  tube  2  is  marked 
with  a  fiducial  on  the  film.  The  focal  points  of  the  other  two  tubes  arc  determined  from  the  measured 
spacing  between  the  tubes.  The  focal  point  of  tube  2  is  determined  using  a  transit  with  a  laser 
mounted  on  top  (Figure  6).  The  laser-transit  system  is  placed  in  close  proximity  to  the  location  of  the 
focal  point  and  at  the  same  distance  from  the  film  as  the  jet  path.  The  laser-transit  system  is  then 
turned  until  the  laser  beam  is  parallel  to  the  film  plane  and  coincident  with  the  shotline.  Next,  the 
laser  is  turned  90"  in  the  direction  of  the  x-ray  tube,  and  the  distance  from  the  x-ray  source  to  the  laser 
dot  is  measured.  The  laser  is  then  rotated  180",  and  the  focal  point  is  marked  on  the  film  with  a  thin 
steel  bar. 

The  locations  of  tubes  3  and  4  am  determined  relative  to  tube  2  and  the  film  plane  using  a  transit. 
The  transit  is  placed  between  the  film  holder  and  the  x-ray  tubes  in  a  position  such  that  tubes  2,  3,  and 
4  may  be  viewed  with  the  transit  A  Cartesian  coordinate  system  is  established  with  origin  at  the 
center  of  the  transit  (Figure  7).  The  x-axis  is  horizontal  and  parallel  to  the  film  plane.  The  y-axis  is 
horizontal,  perpendicular  to  the  film  plane,  and  positive  in  the  direction  of  the  tubes.  The  z-axis  is 
vertical  and  positive  upward.  Three  measurements  are  taken  for  each  tube.  First,  the  distance  from 
the  center  of  the  pulser  lace  to  the  transit,  D,  is  measured.  Next,  the  angle  between  the  positive  x-axis 
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Figure  5.  Tube  ArraneemenL 


Figure  6.  Laser-Transit  System. 
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Figure  7.  Too  View  of  1-MeV  Site. 

and  the  line  from  the  origin  to  the  center  of  the  pulser  face  (Figure  7),  a,  is  recorded.  Finally,  the 
angle  between  the  horizontal  and  the  line  from  the  center  of  the  pul.ser  face  (Figure  8),  y,  is  measured. 
The  coordinates  at  the  center  of  each  pulser  face  are  given  by 

Xi  »  (  D,  cos(  Yi ) )  cos(  a, )  (1) 

y,  =  (  D,  cos(  Y; ) )  sin(  a, )  (2) 

z,  »  D,  sin(  Yi ).  (3) 


The  X  and  y  axes  are  then  rotated  180“  and  translated  to  the  center  of  the  face  of  pulser  2  such  that 

Xj  »  (-IXxj  -  Xj )  (4) 

Yi  -  (-IKYi  -  Ya )  (5) 

z,  »  z,  -  zj.  (6) 

where  the  subscripts  refer  to  the  pulser  number.  This  gives  the  coordinates  at  the  center  of  each  pulser 
face  relative  to  pulser  2.  A  further  coordinate  translation  is  then  required  to  determine  the  relative 


[-  ••  ,  .  ;;  ,«  '.j  V.  '■.r  .  •  f: 
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position  of  the  x-ray  source  for  each  tube.  The  x  and  z  coordinates  are  used  to  determine  the  focal 
points  of  tubes  3  and  4,  and  the  y  coordinates  are  used  to  calculate  magniiicatitHi  factors. 

For  small  shaped  charges  (under  3  lb  of  explosive),  the  long  Sim  holder  allows  the  entire  shaped- 
charge  jet  from  tip  to  slug  to  be  recorded  and  characterized.  This  capability  is  demonstrated  by  a 
scries  of  radiographs  (sfiown  in  Figure  9)  obtained  at  the  l-MeV  site.  Figure  9  shows  a  76-mm 
diameter,  copper  hemispherical  shaped-charge  liner  both  during  the  collapse  process  and  after  it  has 
formed  a  JeL  The  pole  of  the  liner  has  been  removed  and  replaced  with  a  solid  hemispherical  plug 
which  is  clearly  visible  at  the  tail  of  the  jet  For  larger  shaped-charge  warheads  (S-IS  lb),  a  blast  wall, 
shown  in  Figure  1,  is  used  to  protea  the  long  filra  holder.  Film  coverage  for  large  warheads  is 
provided  by  both  the  blow-away  cassette  and  the  long  film  holder.  The  great  length  of  film  coverage 
allows  such  quantities  as  jet  breakup  time,  virtual  origin  location,  and  the  liner  mass  distribution  to  be 
determined  with  greater  accuracy. 

4.  SUMMARY 

Innovative  features  of  the  new  1-MeV  flash  x-ray  test  facility  provide  increased  capabilities  for  the 
study  of  shaped-charge  liner  collapse  and  jet  characteristics.  The  blow-away  film  holder  and  wedge 
blast-shield  enable  liner  coUapsc  studies  of  shaped  charges  containing  up  to  15  lb  of  explosive.  The 
long  film  holder  often  makes  possible  the  viewing  of  the  entire  jet  from  the  tip  to  the  slug  increasing 
the  accuracy  of  breakup  time  and  mass  distribution  measurements.  The  ball-and-socket  and  tumbuckle 
holder  support  system  permits  the  precise  adjustment  of  the  position  and  alignment  of  the  film  holder. 
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Figure  9.  Free-Right  of  a  Shaocd-Charge  Jet. 
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Albuquerque,  NM  87185 

7  University  of  California 

Los  Alamos  Scientific  Lab 
ATTN:  Dr.  J.  Walsh 
Dr.R.K«pp 
Dr.  C.  Ma^ 

L.  HulL  M-8 
J.  Repa 
D.  Fradkin 
Technical  Library 
P.O.  Box  1663 
Los  Alamos.  NM  87545 

1  University  of  Dayton 

Research  Institute 
ATTN:  Dr.  S.J.  Bless 
P.O.  Box  283 
Dayton.  OH  45409 

1  Southwest  Research  Institute 

ATTN:  A.  Wenzel 
P.O.  Drawer  28255 
San  Antonio,  TX  78284 


No.  of 

Copies  Organization 

1  BaUelle 

Edgewood  Operations 
ATTN:  R.  Jameson 
2113  Emmotion  Park  Road 
Suite  200 

Edgewocd,MD  21040 

1  EJ.  DuPont  De  Nemours  &  Company 
ATTN:  B.  Scou 
Chestnut  Run  •  CR  702 
Wilmington.  DE  19898 

1  Dyna  East  Corporaaon 

ATTN:  P.C.  Chou 
3201  Arch  Street 
Philadelphia,  PA  19104-2588 

1  Aerojet  Electro  Systems  Company 

ATTN;  Warhead  Systems, 

Dr.  J.  Carteone 
1100  W.  HoUyvale  Sl 
P.O.  Box  296 
Azusa,  CA  91702 

1  Physics  International  Company 
Tactical  Systems  Group 
Eastern  Division 

P.O.  Box  1004 
Wadsworth.  OH  44281-0904 

2  Honeywell,  Inc. 

Government  and  Aeronautical  Products 
Division 

ATTN:  G.  Johnson 
J.  Houlton 

600  Second  Street.  NE 
Hopkins,  NM  53343 

1  General  Dynamics 
Pomona  Division 
ATTN:  R.  Strike.  MZ4-40 
P.O.  Box  2507 
Pomona,  CA  91769 

2  California  Research  and  Technology 
ATTN:  Dr.  Ronald  E.  Brown 

Mr.  Mark  Majerus 
5117  Johnson  Drive 
Pleasanton,  CA  94566 


No.  of 

Copies  Organization 

1  Nuclear  Metals,  Inc. 

ATTN;  M.  Waltz 
2229  Main  Street 
Concord,  MA  01742 

1  Shock  Transients,  Inc. 

ATTN:  David  Davison,  President 
P.O.  Box  5357 
H(^>kins.MN  55343 

1  S-Cubed 

ATTN:  Dr.  R.  Sedgwick 
P.O.  Box  1620 
U  Jolla,  CA  92038-1620 

1  SRI  International 

ATTN:  Dr.  L.  Seaman 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 
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USER  EVALUATION  SHEET/OTANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  efibrt  to  improve  the  quality  of  the  reports  it  publishes. 
Your  commentyanswers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  BRL  Report  Number _ BRL-TR-3166 _ Date  of  Report  OCTOBER  1990 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest 

for  which  the  report  wiU  be  used.) _ 


4.  Specifically,  how  is  the  repon  being  used?  (Information  source,  design  data,  procedure,  source 
of  ideas,  etc.) _ 


3.  Has  the  information  in  this  report  led  to  any  quwtitative  savings  as  far  as  man-hours  or  dollars 
saved,  operating  costs  avoided,  or  efficiencies  aciueved,  etc?  If  so.  please  clahorate. _ 

- 7 - 


6.  Geaenl  Comments.  What  do  you  think  should  be  changed  to  Improve  future  reports?  (Indicate 
changetijQ  organization,  technical  cotuent,  format,  etc.)  _ _ 


Name 

CURRENT  Organization 

ADDRESS  _ 

Address 


City,  5;ate,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  New  or  Corrert 
.Address  in  Block  6  above  and  the  Old  or  Incorrect  address  below. 


Name 

OLD  Organization 

ADDRESS  _ 

Address 


City,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  staple  or  tape  dosed,  and  mail.) 


» 


- fold  here - 

Department  of  the  Army 

Director 

U.S.  Army  Ballistic  Research  Labutainry 
ATTN:  SLCBR-DD-T 
Aberdeen  Proving  Ground,  MD  210t  -5066 
OfHCiAL  BUSINESS 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  No  0001,  APG,  MD 


POSTAGE  WU.  BE  PAID  BY  ADDRESSEE 


Dircclur 

U.S.  Anny  Ballistic  Research  Laboratory 

ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-9989 


NO  POSTAGE 
NECESSARY 

riMua 

MTNE 

UMTS)  STATES 


FOLD  HERE 


